The essential oil from aerial part of Marrubium deserti De Noé (Lamiaceae), obtained by hydrodistillation was analyzed by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS), and evaluated for in vitro antimicrobial activity. The antioxidant activity was determined using three in vitro assays: scavenging effect on DPPH, the ABTS test and the phosphomolybdenum method. Thirty-seven compounds were identified in the oil, with germacrene D as the major component (45.7%). This oil was characterized by an important hydrocarbon fraction (78.1%) and by the predominance of sesquiterpenes (67.4%). M. deserti essential oil had no activity on the tested microorganisms (Staphylococcus aureus ATCC 25923, Echerichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Candida albicans and Aspergillus flavus). However the oil presented an antioxidant activity.
The genus Marrubium includes six species and one hybrid in Algeria. Many Marrubium species and their components have been studied for analgesic, antimicrobial, hypoglycemic, anti-schistosoma, antioxidant, vasorelaxant, hypotensive, antimicrobial, antinociceptive, antiedematogenic and cytotoxic properties [1] [2] [3] .
Many reports on the composition of Marrubium essential oils have been published, including those of M. bourgaei ssp. caricum [4a] , M. bourgaei ssp bourgaei [4b], M. parviflorum [4c,4d] , M. vulgare [3d-3g] , M. cuneatum [5a] , M. cylleneum [5b], M. velutinum, M. peregrinum [4g,5c] , and M. astracanicum [5d,5e] . However, as far as we could ascertain, no report was available on M. deserti De Noé essential oil. This species is locally called "Djaïdi", and grows wild on desert pastures in Algeria. The plant is a small, whitish shrub, very branched, with a height of about 15-20 cm. The species produces yellow flowers in late May and June [6a,6b] . In traditional folk medicine, the plant is used against respiratory diseases, fever, diabetes, jaundice and hypertension [6c] . The present study investigated the chemical composition, antimicrobial and antioxidant activity of M. deserti essential oil.
The dried aerial parts yielded 0.02% w/w of essential oil. This means that the plant is a very poor oil source, which is in accordance with the hypothesis of Lawrence [7a] , according to which Labiatae genera with tricolpate pollen grains are oil-poor and generally contain sesquiterpenes such as β-caryophyllene and germacrene D as their main oil constituents.
The composition of the essential oil was determined by GC and GC-MS, as reported in table1, in which the components are listed in order of their elution from the HP-1 column. Thirty-seven components were identified, representing about 97.2% of the essential oil. Its main component was germacrene D (45.7%). Other compounds present in appreciable amounts were β-bourbonene (4.0%), α-terpinolene (3.9%), δ-cadinene (3.8%), 1-Octen-3-ol (3.7%), αcopaene (3.5%) and β-elemene (2.8%). Sesquiterpenoids were the dominant fraction (67.5%); monoterpenoids formed only 5.1% of the total, with α-terpinolene (3.9%) and myrcene (1.2%) being the main components in this group. Both types of terpenoid were characterized by the absence of oxygenated compounds. The hydrocarbon fraction formed 78.1% of the total.
The chemical composition of the oil confirms the hypothesis of Lawrence [7a] . The predominance of sesquiterpene hydrocarbons has been noted also for the oils of M. velutinum (71.7%), M. peregrinum (73.0 -65.6%) [5c], M. cuneatum (78.9%) [5a] , and M. vulgare, during the vegetative phase (43%) [4e]. The Marrubium genus seems to be rich in hydrocarbon compounds, with sesquiterpenes forming the major part, especially β-caryophyllene, germacrene D and bicyclogermacrene (Table2).
As shown in table 2, β-caryophyllene is omnipresent in the essential oils of Marrubium species, followed by germacrene D and bicyclogermacrene. β-Caryophyllene is the main component of the essential oils of the genus, except for those of M. peregrinum [5c], M. cuneatum [5a] and M. deserti, for which yields of only 0.64, 2.2, and 1.6%, respectively, were obtained. Germacrene D, which is the major constituent of M. deserti essential oil (45.7%), seems to be absent in that of M. astranicum [5a] and M. velutinum [5c]. However, it occupies an intermediate position among the major constituents of the other investigated species. Bicyclogermacrene (1.2% in M. deserti oil) occupies the third position in the other species, except for M. cunatum and M. peregrinum, for which it constitutes the major compound, with contents of 37.1% [5a] and 4.8-11.0% [5c], respectively. Our results showed that the oil was ineffective against all the micro-organisms tested, at each of the three concentrations used.
The general free radical scavenging activity of the extract was evaluated by its interaction with DPPH in solution. DPPH . is a stable free radical that can accept an electron or hydrogen radical to become a stable diamagnetic molecule and, because of its odd electron, the methanolic solution shows a strong absorption band at 517 nm, which decreases in the presence of free radical scavengers. This scavenging activity has been largely used as a quick and reliable parameter to assess the in vitro general antioxidant activity of plant extracts In the current study, the scavenging activities of DPPH exerted by the M. deserti volatile oil extracts, as well as those of ascorbic acid and BHA, were calculated from the linear % inhibition-concentration curves. The results are summarized in Table 3 . The concentration of M. deserti oil resulting in a 50% inhibition of the free radical (IC50) was 22.3 μg/mL, but for BHA and ascorbic acid the corresponding concentrations were 7.6 and 3.8 μg/mL, respectively. The extract of the plant possessed strong antioxidant activity compared with the standards, which are classified among the strongest antioxidants. [7f]. A detailed examination of the essential oil composition of the plant is required for a comprehensive assessment of the individual compounds exhibiting antioxidant activity. The results of this study show that this plant can be used as an easily accessible source of natural antioxidants that can be used either as a possible food supplement or in the pharmaceutical industry. However, the components responsible for the antioxidant activity of this plant are currently not known and further work should be performed on their isolation and identification. Our results are compatible with the use of M. deserti preparations in traditional medicine for the treatment of heart diseases and inflammation disorders, since free radical or reactive oxygen radicals usually induce cellular damage and play a crucial role in many diseases such as heart disease, cancer, rheumatoid arthritis, hepatic disorder and aging diseases [8a] . Therefore, the extract of M. deserti that exhibited potent activity against the DPPH radical may have some benefit in the treatment of those diseases, and has proved to be a good source of antioxidants that might serve to protect health and fight against diseases in the future.
In the ABTS assay, the TEAC (Trolox Equivalent Antioxidant Capacity) values reflect the ability of hydrogen-donating antioxidants to scavenge the ABTS •+ radical cation, compared with that of Trolox. The TEAC assay is widely applied to assess the total amount of radical that can be scavenged by an antioxidant. This method was not only a rapid and reliable test of total antioxidant capacity but also an advantageous assay applicable to both hydrophilic and lipophilic antioxidant/systems. In our experiments, the reaction with ABTS •+ was quite fast and in almost all cases was completed in 1-3 min.
During the remainder of the reaction time, the changes in absorption were negligible.
The ABTS .+ radicals are also widely used to measure the antioxidant activity of biological material. The blue color due to the formation of ABTS free radicals (ABTS .+ ) after mixing peroxidase, hydrogen peroxide and ABTS is sensitive to the presence of antioxidants. Discoloration following sample addition indicates that ABTS radicals were quenched or reduced by the antioxidants in the sample [8b]. The dose-response curve obtained by analysis of a range of concentrations of antioxidant compounds, Trolox (a vitamin E analogue) standards and essential oil, at a selected time point in the reaction, 5 minutes in our case, was plotted as the percentage inhibition of the absorbance of the ABTS .+ solution as a function of concentration of antioxidant. The concentration of antioxidant giving the same percentage inhibition of absorbance of the radical cation at 415 nm as 1 mM Trolox was calculated in terms of the Trolox equivalent antioxidant activity at a specific timepoint. To calculate the TEAC (Trolox Equivalent Antioxidant Capacity), the gradient of the plot of the percentage inhibition of absorbance vs. concentration plot for the antioxidant in question is divided by the gradient of the plot for Trolox [8c] . Table 3 shows the antioxidant activity of different samples expressed as equivalents of standard antioxidant, a well-established parameter in this respect being TEAC. As can be seen, TEAC follows the order EO > BHA > ascorbic acid.
1136 Natural Product Communications Vol. 4 (8) 2009 Laouer et al. Our results revealed that the investigated plant exhibited a remarkably higher antioxidant activity compared with the standards. However, it appears that the TEAC values largely depend on the assay conditions. The most important reason for this variation is that the reaction of an antioxidant with ABTS •+ usually does not reach completion within the time span applied. It should, therefore, be realized that in comparing TEACs from different reports, the time interval used should be taken into account. In our analysis, the TEAC value was determined at 5 min and, within these 5 min, a slow reaction made a substantial contribution. In many studies, plant extracts were prepared as infusions with either water or methanol, following the traditional uses. Some authors have found a positive and a good correlation between the essential oil contents and the antioxidant activity in various medicinal plants. It is often difficult to decide when screening for antioxidants from natural sources which of the plant species studied can be considered as the best one, as each of them exhibits different antioxidant and/or scavenging activities.
The quantitative antioxidant capacity of the essential oil was measured spectrophotometrically using the phosphomolybdenum method, which is based on the reduction of M. (VI) to Mo (V) by the sample analyte and the subsequent formation of green phosphate (Mo/V) complex with a maximum absorption at 695nm.
The antioxidant activity of the essential oil at different concentrations was measured by the phosphomolybdenum method. The total antioxidant activity obtained by the percentage of discoloration is not convenient for comparison among antioxidants on the basis of equal unit concentration. Therefore, the VEEAC (Vitamin E Equivalent Antioxidant Capacity) value was calculated using Vitamin E as the standard reference. The standard curve shows a linear relationship between the concentration of Vitamin E and absorbance in the range of 0-1.5 mM. The total antioxidant activity of the essential oil was calculated using the standard curve and compared with that of BHA and ascorbic acid calculated using the same standard curve (Table 3) . It is clear, that the essential oil of M. deserti shows a significant reducing power compared with the standard antioxidants.
Experimental
Plant material: The aerial parts of M. deserti were collected in June 2006, from El Masrane near Djelfa, Algeria, at either the flowering stage or at the beginning of seed formation. After taxonomic identification, a voucher specimen was deposited at the Herbarium of the Muséum d'Histoire Naturelle de la ville de Nice (Voucher number B 8991).
Isolation of essential oil (EO):
A dried sample of the aerial parts (500 g) was subjected to hydrodistillation in a Clevenger -type apparatus for 4 h. The obtained essential oil was dried over anhydrous sodium sulfate and, after filtration, stored at +4°C until tested and analyzed.
GC-MS analysis:
GC and GC/MS analysis on apolar columns was carried out using an Agilent 6890 N gas chromatography apparatus equipped with a flame ionization detector (FID) and coupled to a quadrupole Agilent 5973 Network mass selective detector working in electron impact (EI) mode at 70 eV (scanning over 35-350 amu range). The gas chromatograph was equipped with two fused silica HP-1 capillary columns (PDMS, 50 m × 0.2 mm i.d., film thickness = 0.33 μm). The analytical parameters (identical for GC and GC/MS analyses unless specified) were the following: The carrier gas was helium at a flow rate of 1 mL/min (head pressure for both columns = 25 psi); oven temperature was programmed from 60 to 250°C at 2°C/min and held isothermal for 40 min. The injector (split mode, ratio 1/100) temperature was 250°C. FID temperature was set at 250°C and in the GC/MS analysis; the temperatures of the ion source and the transfer line were 170 and 280°C, respectively.
The constituents of the essential oil were identified by comparison of their mass spectral patterns and retention indices (RI) with either those of pure compounds registered in commercial libraries and literature data [9a-9d] , or from a laboratory-made database built up from authentic compounds.
Antimicrobial activity
Microbial strains: Five microorganisms were used for antimicrobial activity studies. Three strains of bacteria, obtained from the Pasteur Institute (Algeria) 
Determination of the antimicrobial activity:
The disc diffusion method was used to evaluate the zone of microbial growth inhibition at various dilutions of the oil. Different essential oil dilutions (10 μL) in ethanol (1/2, 1/5 and 1/10 v/v) were injected into sterilized discs which had a diameter of 6 mm (BioMérieux, France). Pure ethanol (10 μL) was injected as the negative control. In addition, discs with 25 μg of itraconazole and 10 μg of gentamycin (Pasteur Institute, Algeria) were used as the positive controls for antifungal and antibacterial activity, respectively. Medium surfaces were spread using a sterile swab containing the microbial suspension, dried and left 30 min at room temperature to allow for diffusion of the oil, and then incubated at 37°C for 24 h for bacteria and at 30°C for 48 h for fungi in order to observe the formation of a clear zone around the disc. The diameter of the clear zone around the disc was measured and expressed in mm as its antimicrobial activity. Three discs per platewere used and each test was run in triplicate.
Antioxidant activity assays
DPPH free radical scavenging activity: The free radical scavenging activity of the essential oil was examined by comparison with those of known antioxidants such as BHA and Vitamin C by 1, 
ABTS radical cation assay:
The ABTS method is simple, fast, highly reproducible and uses a regular visible-UV Spectrophotometer [8b]. The method is based on the capacity of different components to scavenge the ABTS radical cation (ABTS .+ ) compared with a standard antioxidant (Trolox) in a dose-response curve. The ABTS radical cation can be generated by the enzymatic system formed by hydrogen peroxide (H 2 O 2 ) and horseradish peroxidase. Briefly, a green bluish complex was formed by mixing peroxidase (100 µL, 2.5 µM), hydrogen peroxide (15 µL, 1 mM, ABTS (100 µL, 20 mM) and water. Extracts were diluted, such that an amount of sample when added to 1 mL ABTS •+ resulted in a 20-80% inhibition of the blank absorbance. After addition of 50 μL of an antioxidant sample or Trolox standards to 1 mL of diluted ABTS •+ solution the absorbance reading was taken 1 min after initial mixing and up to 10 min using a UVvisible light spectrophotometer (UV-1601). The percentage inhibition at 415 nm was calculated and plotted as a function of concentration of antioxidants and of Trolox for the standard reference data. Trolox equivalent antioxidant capacity (TEAC) is defined as the millimolar concentration of Trolox with the same antioxidant activity as a 1 mM concentration of the substance under investigation.
Phosphomolybdenum method:
The antioxidant activity of the essential oil, BHA and Vitamin C were evaluated by the formation of phosphomolybdenum complex method [10c]. An aliquot of 0.1 mL of sample solution, BHA and Vitamin C at different dilutions was combined in test tubes with 1mL of a reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). In the case of blank solution 0.1 mL of methanol was used in place of sample. The tubes were capped and incubated in a water bath at 95°C for 90 min. After the samples were cooled to room temperature, the absorbance of the mixture of each sample was measured at 695 nm against a blank sample in a Shimadzu UV-1601 visible Spectrophotometer. The antioxidant activity was expressed as an equivalent of Vitamin E (VEEAC).
